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Abstract
In the quest for an effective field theory which could help to understand some non perturbative feature
of the QCD in the Regge limit, we consider a Reggeon Field Theory (RFT) for both Pomeron and
Odderon interactions and perform an analysis of the critical theory using functional renormalization
group techniques, unveiling a novel symmetry structure.
1 INTRODUCTION
Strong interactions in the Regge limit, well before QCD was established as a QFT fundamental descrip-
tion, were historically described within Regge theory, which is still applied to analysing non perturbatively
the scattering processes at Tevatron, ISR, HERA, RHIC and LHC. The inclusion of interactions among
reggeons was later encoded in the so called reggeon field theory [1, 2, 3, 4, 5, 6]. On the other hand
perturbative QCD analysis have confirmed that QCD has a special behavior when moving to the Regge
kinematics, large rapidity Y , even if one cannot really probe the limit of large transverse distances |x⊥|
(impact parameter), which requires a full non perturbative understanding of QCD. Many perturbative
results have been obtained in the framework of the so called BFKL approach [7, 8, 9, 10, 11], based
on the reggeization of the gluon. Basic features are encoded in the kernel for rapidity propagating
BFKL Pomeron. Later the Odderon [12, 13] exchange was also obtained as solution of the BKP equa-
tions [14, 15, 16] and used to give phenomenological predictions [17]. Another ingredient is given by
the interaction vertices [18, 19, 20, 21, 22, 23] which are naturally describing their interactions local in
rapidity. Resummed tree level effective interactions in nuclei were also described in the dipole picture by
the BK equation [24, 25]. Similarly results for the Odderon have been obtained also in the Color Glass
Condensate, dipole and Wilson line approaches[26, 27, 28]. Impact factors[29, 30] for external partons or
photons [31, 32] and vertices for jet production [33, 34] have also been constructed. Unitarity constraints
at next-to-leading-log (strong bootstrap) we derived [35, 36, 37]. All these results can be interpreted as
showing that the QCD dynamics, in the Regge limit and at small transverse distances, tends to organize
in an effective 2 + 1 QFT and it is natural to ask what happens when moving to the non perturbative
region. Here we discuss recent efforts to test a local reggeon field theory as a possible candidate for such
a theory. At this stage we limit ourselves to study some non perturbative features in the critical and
universal properties of some RFT in order to see if they may be compatible with QCD. Understanding,
as an effective field theory, the transition from QCD to RFT is a much harder work, mainly because of
essential non perturbative effects in the gauge theory. A first analysis [38] was recently carried on for a
RFT in the pure Pomeron sector, giving very interesting results. Since theoretical analysis in QCD show
the presence of the Odderon composite states and interactions, a larger RFT can also be considered [39].
2 A Pomeron-Odderon RFT
We start from the fact that Pomeron and Odderon reggeons are the leading Regge poles in the ”en-
ergy” plane dual to the rapidity variable which contributes to the scattering amplitudes. One takes the
approximation of linear trajectories, characterized by an intercept and slope. In perturbative QCD it
is well known that the Pomeron is not a pole but a cut and it is in a supercritical regime (intercept
α(0) > 1, while the Odderon appears to have an intercept exactly at one (even in NLL, at least for large
Nc or for N = 4 SYM) [12, 13], and the transition to a pole description is expected to be induced by
constraints from the non perturbative region. Apart from the kinetic part of the reggeon action we shall
then consider approximate interactions, homogeneous and of non derivative nature (ultra local) in the
transverse space, i.e. described by a local potential. And finally we shall allow for an anomalous scaling
of the Pomeron and Odderon fields.
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In our notation ψ,ψ† denote the Pomeron fields, and for the Odderon we introduce the fields χ, χ†.
The effective action has the form:
Γ[ψ†, ψ, χ†, χ] =
∫
d2x dτ
(
ZP (
1
2
ψ†∂↔τ ψ − α′Pψ†∇2ψ) + ZO(
1
2
χ†∂↔τ χ− α′Oχ†∇2χ) + Vk[ψ,ψ†, χ, χ†]
)
(1)
In the lowest possible truncation the local potential is characterized by just cubic interactions and is
given by
V3 = −µPψ†ψ + iλψ†(ψ + ψ†)ψ − µOχ†χ+ iλ2χ†(ψ + ψ†)χ+ λ3(ψ†χ2 + χ†2ψ). (2)
We shall consider, systematically, interactions of much higher order in order to improve the accuracy of
our results.
The structure of the potential and the allowed interactions are constrained by signature conservation
(even for the Pomeron and odd for the Odderon) and by the overall sign of the multi reggeon discontinuity
amplitudes −i∏j(iξj), where ξj are the signature factors ξ = (τ − e−ipiω)/ sinpiω with ω = α(0) −
1: for the Pomeron ξP is almost imaginary while for the Odderon ξO is almost real. Therefore t-
channel states with odd and even number of Odderons never mix. Moreover transitions P → PP are
imaginary (two Pomeron cut is negative), P → OO are real (two Odderon cut is positive), O → OP
is imaginary (Odderon-Pomeron cut is negative). These considerations are easily generalized to all
orders [39]. Essentially we can write the potential in terms of different contributions with operators
which relate states differing by an integer number of Odderon pairs. In perturbative QCD the P → OO
vertex has been computed in the generalized leading-log approximation. We shall see that the reggeon
interaction nevertheless are dominated by a fixed point in which operators changing the number of
Odderon pairs are not present, these being present only in deformations of the critical theory.
Next we introduce dimensionless variables. The field variables as well as the potential are rescaled
as follows:
ψ˜ = Z
1/2
P k
−D/2ψ, χ˜ = Z1/2O k
−D/2χ, V˜ =
V
α′P kD+2
, (3)
where D is the transverse space dimension. We also need to introduce the dimensionless ratio r =
α′O
α′P
.
We study the critical properties of this reggeon filed theory using wilsonian functional renormalization
group techniques. In particular we shall study the flow of the infrared (IR) regulated effective action,
which generates the 1PI vertices, the so called effective average action. Its exact flow with respect to the
RG time t = log k/k0, where k is the IR scale, is given by [40, 41]
∂tΓ =
1
2
Tr[Γ(2) + R]−1∂tR , (4)
where R is the infrared regulator of the two point function. The details can be found in [39]. The
computation of the trace is typically performed passing to a Fourier representation with transverse
momenta and reggeon ”energy” (dual to rapidity). Therefore the Regge limit is completely understood
in terms of an IR limit in the ”energy”-transverse space.
In order to study the critical behavior of the theory we need to consider the flow of the dimensionless
couplings, and look for the zeros of their beta functions. Therefore in the flow of the rescaled potential
one has also to consider the rescaling of the fields and of the potential as in equation (3), which gives
the additional contributions to the equation defining ∂tV˜ , to be summed to the one of equation (4),
(−(D + 2) + ζP ) V˜ +
(
D
2
+
ηP
2
)(
ψ˜
∂V˜
∂ψ˜
+ ψ˜†
∂V˜
∂ψ˜†
)
+
(
D
2
+
ηO
2
)(
χ˜
∂V˜
∂χ˜
+ χ˜†
∂V˜
∂χ˜†
)
. (5)
To extract the flow equations of a chosen set of couplings in the potential, which includes also the
intercept, as usual one projects the flow equation on the basis of the operators considered, which in our
specific case in a finite dimensional set of monomials in ψ˜, ψ˜†, χ˜, χ˜†. The quantum trace in equation (4)
can be evaluated at constant fields.
Then we need to determine the flow of ZP , ZO, α
′
P and α
′
O. These informations are extracted in the
one loop approximation studying the flow of the 2-point function Γ(1,1) for both the Pomeron and the
Odderon, setting the fields to be constant and looking at the dependence in the external energy ω and
the invariant q2 of the external transverse momentum.
Using this framework it is also possible to perform a one-loop -expansion analysis in D = 4 − 
around the critical dimension 4 of the transverse space. Using the cubic truncation one finds, besides a
2
fixed point solution related to the pure Pomeron theory, another fixed point which is non trivial in the
Odderon sector, such that λ2, λ22, λ
2
3, µP , µO = O():
µP =

12
, λ2 =
8pi2
3
, ηP = − 
6
, ζP = ζO =

12
, (6)
µO =
95+17
√
33
2304
, λ22 =
23
√
6+11
√
22
48
, λ3 = 0, ηO = −7+
√
33
72
, r =
3
16
(
√
33−1).
One immediately notes that λ3 = 0 so that the critical theory has no operator changing the number
of Odderon pairs. Apart from the anomalous dimensions, the universal critical exponents are extracted
with a spectral analysis of the stability matrix, obtained by a linear analysis around the fixed point.
We find two negative eigenvalues, associated to two relevant directions, and the corresponding critical
exponents:
λ(1) = −2 + 
4
→ νP = 1
2
+

16
, λ(2) = −2 + 
12
→ νO = 1
2
+

48
. (7)
We than perform an analysis in the physical D = 2 transverse space looking (numerically) at the fixed
point and its spectral properties using polynomial truncations for the potential with increasing orders
up to order 9. We find again that there exists only a non trivial scaling solution in both Odderon
and Pomeron sectors, which is characterized by the absence of operators which change the number
of Odderon pairs. We also compute the critical exponents of such a critical theory. We show the
results of the analysis with two figures. In FIGURE 1. we show the couplings for the potential and
the convergence of the procedure. In FIGURE 2. we present the critical exponents and again their
dependence with the order of the truncation. For more details we refer to [39]. Finally for the
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Figure 1: Values of the parameters of the fixed point solution of the LPA truncations for different orders
n of the polynomial (3 ≤ n ≤ 9). The masses (which equal intercept minus one) µP (red curve) and
µO (blue dotted curve) for the Pomeron and Odderon fields are in the left panel. The first non zero
couplings λ, λ2, λ41, λ42, λ43, λ46, λ47, r are reported on the right panel.
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Figure 2: Values of the critical exponents of the fixed point solution of the LPA truncations for different
orders n of the polynomial (3 ≤ n ≤ 9). The two negative leading eigenvalues define the two critical
exponents νP (red curve) and νO (blue dotted curve) for the Pomeron and Odderon fields (left panel).
We report also the value of a third negative eigenvalue found in our approximation (right panel).
anomalous dimensions at criticality we find ηP = −∂t logZP ' −0.33, ηO = −∂t logZO ' −0.35 and
ζP = −∂t logα′P = ζO = −∂t logα′O ' +0.17. We expect values for the anomalous dimensions to be
about 20% larger in magnitude according to what we observe from Monte Carlo analysis in the pure
Pomeron sector. We find numerically three relevant directions, but one with an eigenvalue pretty close
to zero which could change sign with a more accurate analysis and then turn into an irrelevant direction.
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The relevant directions define the critical surface and the fate of the flow towards the IR is determined,
depending on where at some scale the theory lies. If the theory lies on the critical surface then the
flow points into the fixed point. Otherwise it will be repulsed along the relevant directions. In any
case the dimensionful theory will be characterized by finite dimensionful couplings in the IR. Therefore
depending on the ”UV” RFT one may flow towards a subcritical, critical or supercritical RFT. It is not
yet clear if QCD poses constraints on such possible scenarios. The theories at criticality or flowing very
close to it will be characterized by the absence or suppression of Odderon number changing interactions.
As discussed in [39] this may have phenomenological consequences on how much processed involving
the Odderon with high mass diffraction [42] might be suppressed. Future studies will be devoted to
understanding the QCD-RFT transition.
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